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SERIAL REPORTS ON START«UP EXPERIMENTS

#1. The Hot Rod Experiment

By J. Chernick and J, W, Kunstadter

November 29, 1950

Introduction

The purpose of this new series of reports is to present in
roughly finished form the results of the various start-up experiments
on the BNL reactor as soon as the analysis of the experimental data is

completed,

Details of the Hot Rod Experiment

The hot rod experiment arose from a suggestion of Dr, C, Williams.
The purpose of the experiment was to determine the metal temperature
coofficient of the reactor. Computations by the theoretical group
indicated that if several cartridges were heated to a few hundred
degrees Centigrade and placed in channels near the reactor center, a
change of a few inhours of reactivity would result during the cooling
period, The experimental technique used, at the suggestion of Dr, L, B,
Borst., was the following: with the hot cartridges in place, the control
rods were adjusted to produce a slightly falling reactor period at a
napligible power level, As the cartridge temperatures decayed, the
reactivity of the reactor increased until a positive period was observed,
The #9 control rod was then adjusted to bring the reactor slightly
helow critical, This procedure was repeated several times during the
exberiment: which ran from 11 A,M, teo 3 P,}M, on August 30, 1950. Parts

£ J -




of the experimental run are shown in Fig, 1,

The metallurgy group provided six insulated cartridges for
the experiment., A description of the cartridges and their cooling
characteristies in still air is given in Hotallurgy llemorandum No, 200,
The cooling curves are shown in Fig. 2. Three iron-constantan thermo-
couples were brazed to the surface of the fuel rods at the center and
16" from ecch end of the rods, Readings taken with these thermocouples
during the hot rod experiment have been averaged and the results are
shovn in Fig. 3. Although the temperatures recorded by the 18 indi-
vidual thermocouples differed somewhat, the precision of the hot rod
experiment did not warrant any refinement of the unweighted average
temperatures shown in Fig, 3,

The heated cartridges were placed in three centrally located
channels, viz,, at x = O, il, y = 0 in our usual reactor coordinate
system, The londing pattern wos then o normal one with 419 channels
loaded in an approximately cylindrical array (FPig. L). There was no
air flow through the reactor during the experiment,

Meteorological conditions during the experimental run were
excellent, The microbarograph record for the 30th of August (Fig, 5)
shows a lovel stretch only from 10 A,M, to L P,l, which fortuna ely
covers the entire period of the experimentdl run. Barometric fluctu-
ations during the experiment were less than 0,005 inches of Hg which
is about as close as the recorders in use at that time could be read,
The following accurate pressure readings were taken at the meteorology

station on August 30:




=

Atmospherie

Pressure
Time (Inches of Hg)
1030 EST 29,900
1330 29,900
1630 29,910

One difficulty with the experiment that should be noted was
the time lost in loading the cartridges and in equilibrating the
reactor., Tho cartridges came out of the\oven at 1047 A M, at an
average temperature of hSOOC. Loading was completed at 1130l and the
reactor was brought to its first "slightly falling" period at 11:33 ==
o total dead time of about L5 minutes during which the average metal
temperature was reduced to 25000 (Fig., 3)., The dead time could un-
doubtedly have been considerably reduced if it had been possible to
repeat the experiment,

Results of the Experiment

The data required to interpret the hot rod experiment are the
following:

1, The exact times at which the reactor was critical., These
times can be estimatod from the minima of the power output (neutron
flux) curves as shown in Fig, 1. The counting rate readings were taken
from three registers which were read consecutively every 20 seconds,

2, The average metal temporature at critical, The required data
can be read from Fig, 3,

3., The sensitivity of the 39 control rod at the 119 elmnnel

o (ih)

TETEE) vs, centimetors

loading pattern (Fig, L), Experimental data of
of rod movemont arc plotted in Fig, 6.
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The results of the oxperimont arc summarized in the following

tables
Table 1
Elapsed #9 Rod Average Metal

Time at Timeo Position 0N ih Tempo roture T

Critical  (min,) (cm, ) “Aom Aih ("cge AT
112 55 336,03 223
12439 112 3,0, 02 »200 «798 120 ~103.
13102 135 30,102 +205 «203 97.8 - 22,2
13632 165 sp,02 20k .20k 76,2 - 2.6
1122 215 3143, 03 -205 .207 5.8 - 22,1

Correction for Increasc in Graphitc Temperature

A small correction must be introduced to account for the inereasec
in graphite temperature during the experiment, If we assume that all
the heat lost by tho metal goes into increasing the graphite temperature
in the reactor core, we find that close to 5% of the reactivity change
during any"interval of time is due to the graphite temperature coefficient,
In tho prosent oxperiment the graphite effect is opposite to that of tho

metal, This results in the following correction to Table I:

Table II
Interval of Ak (ih) L k(ih) o7 L%/ AT
_ _Time (Obsorved) (Corrected) (°c) (in/°C)
11:42 = 12339 .798 .838 ~10% -, 0081
12339 = 13102 .20% 213 - 22,2 -,0096
13302 = 13332 204 21l - 21,6 -, 0099
13:%2 » 1L:22 . 207 217 - 22,1 -, 0097

From Table II we obtain a coefficient of =0,0093 3 <000l inh

per % rise in cartridge temperature, Thexccuracy of the experiment is

“l=




he 2l

probably about 10% in view of possible errors in the control red
calibration, critical time and temperature estimates, ote, However,
our results moy be compared with the independent analysis of Dr, C,

Williams shown in Table III,

Tablo 11T
Time ot #9 Rod Aih Av, Temp, Aih
Critieal Position Ach Aih (°c) AT
1145 336,03 .19 210.L
12:3%9 3,0, 02 .20 .778 117.5 -, 008l
13:02 31,02 .201 . 2005 95.5 -,0091
13,33 32,02 .203 202 74,0 -, 0094
1h:17 343,03 .+ 205 .206 51.9 -, 0094

Vieight Factors

The experimontal temperaturo coofficicnt of -,0093 inh/OC is
based on o total of only threce channels of the 419 channels loadod.

e wish to obtain the uniform tomperaturc, normal flux mctal temperature

coofficiont at this loading, This cocfficient will, howcver, vary
somewhat with the loading pattorn. It will thercforc be useful eventually

to define a standard uniform temperature, uniform flux temperature

coofficient in order to compare r¢sults obtained at differont loadings
and undor difforent temporaturc distributions,

fAccording to theo usual statistical weight theory, weighting
factors arc found, for uniform tomperaturc conditions, from the average
valuc of (nv)2 over the roactor core, Thus for a cylindrical loading

the radial weight factor is

E (5 v/R) + & (5, o/R)
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whore r 18 tho loading radius and R the oxtrapolated radius of tho

reactor, For a square loading the corrcsponding factor is

-~ . 2
1 L . i
.§'+ 2 i sin =y ]

with f tho londing width and L the oxtrapolated width of tho reactor.

At the 19 channel leading, r = 11,55, R = 14,55 lattice units,
and the appropriatc weight factor is 0.1, If the loading worc con-
sidered squaro the weight factor would be 0.402 which shows that the woighi

ractor is not particularly sensitive to geometry. We thus obtain
)_ L{,19 - . o
-k x 5= x 0093 = -5 inh/"C

for the uniform tomporaturo, normal flux, motal temperaturc coefficient
of tho BNL roactor at a cylindrieal loading of L19 channcls,

Control Rod Calibration

The datn obtainod during the calibration of tho #9 and #15 rods

ot the 419 channcl loading are summarigzed in Table IV,




Table IV
Control Rod Calibration for 419 Channcl Loading

Position Position Reactor
#15 Rod 9 Rod Period
(em in) (em in) (min) Inhours
0 475,02 -28,7% .3 -2,16
162,00 116 ¥ 15 .52
1450, 05 15.8 ¥ ,02 3,69
260,00 1,60, 00 -19,6 ¥ ,2 -3,18
L50,04 -89.8 £ 4,2 - .68
14,0, 0Ly 3he i .2 174
1,30, 0l 1,7 % ,01 3,97
%00, 00 LLo,01 -38,L & .1 «1,60
1430, 0l 59.3 £ 1,0 1,01
330,03 1430, 0ly -21,0 % 1 -Z,98
120,03 -360 ¥ 13 - .17
L10,06 ot 2 2,38
360,00 1;10,00 26,6 % 1 -2,3l
Lo, 02 211,2 ¥ 18,6 .29
390,03 21l & 0,1 2,76
394493 110, -8.80% ,07 7,3
38L.96 «43.9 & .7 -1,40
350,07 8,10 ,02 6,98
100,00 L00,06 -9,51 £ ,10 =5,82
L1l 09 360, 05 99.5 T .1, .61
Lho,06 350, 0L -21,1 3 .3 -2,.96
310,03 -127 ¥ 6 - .18
330,05 15,3 £ .5 1,32
320,05 19,7 ¥ .2 2,98
310,05 12,5 & ,1 L.62
150,00 (?) 280,05 =48 1,0 -1,27
270,05 110 = L9 - .15
260,00 73.9 £ 0.7 .81




The reactor periods were determined by least squares from
the registor roadings, Sincoe three registers werc employed, thc procision
of tho determinations could be cstimated and is gonerally within 2%,
although a few of the standard orrors arc considorably larger, The
reactor periods werc convortod 5 inhours by the usc of the Hughes
formula; The plot of tho scnsitivity of the #9 rod (Fig, 6) was
obtained by diffeorencing Table IV for fixed valucs of the 15 control
rod position, Thec ealibration curve for the 59 rod (Fig. 7) was then
found by graphical integration, Subracting the effcet of thoe #9 rod,

wo pot the ealibration curve for the 35 rod shown in Fig, 8.
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LOADING PATTERN FOR"HOT ROD' EXPERIMENT
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(419 LOADED CHANNELS OUTLINED)
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